Hydrodynamic profiles showed incorporation of radiolabelled precursors into two distinct fractions of different sizes, which may represent a proteoglycan and a sulphated glycoprotein. Alcian blue staining of syphilitic testes at or after peak orchitis showed focal deposition of newly synthesised polyanionic components during peak orchitis and a more generalised fibrosis in testes after peak orchitis.
Introduction
Early studies of experimental syphilis lesions showed metachromasia after staining with the cationic dye, toluidine blue.' 2 This metachromasia was corrected by treatment with testicular hyaluronidase, which suggested that the staining reaction may have been due to the accumulation of large, polyanionic glycosaminoglycans.3 More recently, glycosaminoglycans or chemically similar polyanions have been found in the serum of syphilitic rabbits,4 and in the mucoid material produced during syphilitic orchitis. 4 The origin and function of these polyanions is not known, but they may have important roles in the pathogenesis of syphilis.6 The mucoid material which accumulates during syphilitic orchitis appears to be immunosuppressive as transfer of this material into syphilitic rabbits reactivated dermal lesions which were healing,7 and extracts from syphilitic rabbit testes containing a mucoid substance inhibited in vitro transformation of rabbit lymphocytes. 8 Polyanionic material has been seen on the surface of Treponema pallidum by electron microscopy,9 10 and this outer layer may protect the organism from the host immune response,9 or from oxygen toxicity.6
Although early studies suggested that T pallidum synthesised a capsule containing glycosaminoglycans and that dissipation of this capsule yielded the metachromasia seen during syphilitic infection," we have shown that T pailidum does not synthesise glycosaminoglycans in vitro.12 It is possible, however, that T pallidum might synthesise these molecules in vivo. Alternatively, glycosaminoglycans synthesised by the host may adhere to the surface of T pallidum as other macromolecules derived from the host associate readily with the treponeme. '3 This study investigated the source and nature of polyanionic macromolecules produced during syphilitic infection of rabbits.
Materials and methods
Stocks of T pallidum (Nichols strain) were maintained by testicular passage in sexually mature rabbits and by freezing in 15% glycerol stored at -70°C. The medium used throughout the study was Eagle's minimal essential medium (Flow Laboratories, Melbourne, Australia) containing 10% fetal calf serum (Flow), 1 mmol/l dithiothreitol (Sigma Chemical Co, St Louis, United States), and 5 mmol/l N-2-Hydroxyethyl-piperazine-N' -2-ethanesulphonic acid (HEPES) (Flow).
INCORPORATION OF RADIOLABELLED PRECURSORS INTO ORCHITIC AND NON-ORCHITIC SYPHILITIC RABBIT TESTES
Sexually mature rabbits were infected in only one testis with 50 x 106 T pallidum organisms. When unilateral orchitis developed [8] [9] [10] days later the rabbits were killed and both testes removed aseptically. Portions of about 200 mg wet weight of testis were placed in weighed tubes containing 2 ml of medium. After weighing the tubes again to determine the mass of the tissue, each slice of testis was radiolabelled with either 20 *Ci/ml 3H-glucosamine Ci/mmol, Amersham International, Amersham, United Kingdom) or 20 ,uCi/ml 35S-sulphate (5 mCi/pg S, Amersham). The tissue slices were incubated with the labelled precursors for 24 hours at 34°C whereafter an equal volume of 8 mol/l guanidine hydrochloride containifg protease and testicular hyaluronidase inhibitors was added,'2 to yield a final concentration of 4 mol/l guanidine hydrochloride. Extraction was carried out at 4°C for 24 hours after which the samples were centrifuged at 1000 x g for 10 minutes. The supernatant (guanidine extract) was collected and stored at -20°C. The pellet containing non-solubilised tissue was resuspended in papain digest buffer (5 mmol/l cysteine hydrochloric acid and 5 mmol/l ethylenediamine-tetraacetic acid, both from Sigma) containing 2 g/l papain (type IV, Sigma) and digested at 60°C. After eight hours 2 g/l fresh papain was added and digestion continued for a further 12 hours, when the digest (papain digest) was collected and stored at -200C.
GEL FILTRATION OF RADIOLABELLED MACROMOLECULES
Guanidine extracts of infected rabbit testes labelled with 3H-glucosamine and 3S-sulphate and normal rabbit testes were fractionated on Sepharose CL-6B. The extracts were dialysed against 4 mol/I guanidine hydrochloride to remove excess free radiolabelled precursor, and a 1 ml sample was fractionated on a Sepharose CL-6B column (1 x 90 cm), equilibrated, and eluted at a flow rate of 6 ml/hour with a buffer containing 4 mol/l guanidine hydrochloride, 0 1 mol/l sodium sulphate, 0 05 mol/l sodium acetate, and 0 I% Triton X-100 at pH 5 8. Fractions of 1 2 ml were collected and assayed for radioactivity.
Guanidine extracts of hormal and infected testes were also fractionated on a Sepharose CL-6B column (1-5 x 60 cm), equilibrated, and eluted with 0 2 mol/l pyridine-acetic acid buffer at pH 6 5 using a flow rate of 6 ml/hour. Fractions of 2 ml were collected and assayed for hexuronic acid by the method of Bitter Four rabbits were each infected unilaterally with 50 x 106 T pallidum organisms. Eight days after infection, two rabbits were injected with 100 mg/kg benzyl penicillin (Crystapen, Glaxo) intramuscularly. Two days later (10 days after infection) the treated and the untreated rabbits were killed, and slices of both the orchitic and the non-orchitic testis from each rabbit were labelled with 35S-sulphate and extracted in 4 mol/l guanidine hydrochloride.
Samples of tissue were also removed for staining with alcian blue (see below).
MEASUREMENT OF RADIOLABEL INCORPORATED INTO MACROMOLECULES
The method of Stevens et al was used to measure the amount of incorporation of radiolabelled precursors into macromolecules.16 Samples of 200 M1 of the guanidine extracts or papain digests were fractionated by gel filtration on Sephadex G-25 using PD-10 columns (Pharmacia, Uppsala, Sweden) and equilibrated with 4 mol/l guanidine hydrochloride, 0 1 mol/l sodium sulphate, 0 05 mol/l sodium acetate, and 0 1% Triton X-100 (Sigma) pH 5-8. The-macromolecular fractions were collected and counted in a scintillation mixture containing 50% (v/v) Triton X-100, 50% toluene, and 0-8% 2,5-diphenyloxazole.
STAINING OF INFECTED RABBIT TESTES WITH ALCIAN BLUE
Small (5 mm by 10 mm) pieces of normal rabbit testes, syphilitic rabbit testes at peak orchitis, testes 3-5 days after peak orchitis, and orchitic and nonorchitic testes from rabbits treated in vivo with penicillin (see above) were fixed in buffered formalin and embedded in paraffin. Sections cules by syphilitic testes was due to host rather than treponemal biosynthesis.
INCORPORATION OF 35S-SULPHATE BY TESTES FROM NORMAL, SYPHILITIC, AND PENICILLIN TREATED RABBITS
To determine the association between 35S-sulphate incorporation by slices of testes and the syphilitic infection process, we measured incorporation of the radiolabel by normal tissue, syphilitic tissue, and tissue from rabbits treated in vivo with 100 mg/kg penicillin two days before castration and radiolabelling (fig 4) . Rabbits were infected with T pallidum in one testis only and developed unilateral orchitis. Tissue from each orchitic and non-orchitic testis was labelled with 35S-sulphate and the tissues compared for incorporation. No motile treponemes were seen on dark field microscopy of samples eluted from testes of rabbits treated with penicillin, although dark field microscopy of undiluted eluates will detect as few as 0 05 x 106/ml Tpallidum. Orchitic testes from both untreated and treated syphilitic rabbits incorporated more 35S-sulphate on a wet weight basis than did normal rabbit testes, which indicated that synthesis of the macromolecule containing sulphate could continue even after the death of Tpallidum. Incorporation by orchitic testes from syphilitic rabbits treated with penicillin, however, was 70% (mean) less than that by untreated syphilitic rabbits. This suggests that the large increase in synthesis of sulphated macromolecules by orchitic testes was largely dependent on, but not mediated by, viable treponemes in the tissues. Slices of tissue from non-orchitic testes contralateral to orchitic testes also incorporated more 35S-sulphate than normal rabbit testes did (fig 4) . Both the orchitic and non-orchitic testes of infected rabbits incorporated less 35S-sulphate after treatment in vivo with penicillin. These observations confirm that circulating treponemes established subclinical contralateral orchitis which leads to greater incorporation by non-orchitic syphilitic testes than by normal rabbit testes. In vivo penicillin treatment did not noticeably affect incorporation of 35S-sulphate by normal rabbit testes.
STAINING INFECTED RABBIT TESTES WITH ALCIAN BLUE
Sections were cut from normal rabbit testes, testes from rabbits showing peak syphilitic orchitis, peak orchitic testes treated in vivo with penicillin, and testes from rabbits recovering from syphilitic orchitis were fixed in formalin and embedded in paraffin. Samples of tissue were also removed from each of the testes for silver staining before fixation. Alcian-blue, a cationic stain, was used to show the presence of polyanions in each of the sections; it did not stain normal rabbit testes (fig 5a) . Sections from testes removed at peak orchitis showed focal staining for polyanions in interstitial areas between seminiferous tubules (fig 5b) where Tpallidum was seen in silver stained sections (photomicrographs not shown). In contrast, sections taken from rabbit testes 3-5 days after peak syphilitic orchitis showed diffuse hyperchromasia (fig 5c) , and no treponemes were visible in silver stained sections of these testes (photomicrographs not shown). The tissue in these sections appeared to be undergoing fibrosis. Staining with alcian blue was greatly reduced in sections of orchitic and non-orchitic testes removed from the rabbits treated in vivo with penicillin. The morphology of the testes was well preserved and there was much less fibrosis and cellular infiltration into interstitial These results suggested that polyanion synthesis was associated with fibrosis and was maximal after peak orchitis. Penicillin treatment in vivo prevented inflammation and staining with alcian blue and concomitantly reduced the incorporation of 35S-sulphate. In this study, incorporation of 35S-sulphate and 3H-glucosamine into macromolecules was increased in orchitic testes. As most of the radiolabelled macromolecules were extracted with guanidine hydrochloride, they were probably either weakly associated with the cells or were in the extracellular matrix of the tissue. The distribution of the labelled macromolecules showed the synthesis of two distinct fractions. The fraction with high molecular weight contained hexuronic acid, which indicated that it might be a proteoglycan, while the fraction with low molecular weight did not contain hexuronate, which suggested that it was a sulphated glycoprotein. These macromolecules were synthesised in amounts that were independent of the number of viable Tpallidum organisms present in the testis tissue. This suggests that they were produced by the host rather than by 7hylitic treponemal biosynthesis. Synthesis of the macrolays before molecules, however, was largely dependent on conrowed) and current infection with Tpallidum, as treatment with tained) and penicillin two days before labelling of tissue greatly ihous reduced incorporation of the radiolabelled preiferous cursors. This suggests that Tpallidum might stimulate host tissues and in some way cause an increased synthesis of these macromolecules by the host. Such an interaction has been observed in vitro following parasitism of tissue culture monolayers by T understood pallidum. " isease often Alcian blue staining of rabbit testes at peak syphilis is syphilitic orchitis showed foci of amorphous ntil recently polyanionic material. The polyanionic foci were Tpallidum, restricted to interstitial areas, where large numbers of hilitic testes Tpallidum were found by silver staining. Because of T pallidum the in situ relation between the polyanionic material ssue culture and T pallidum, we suggest that these foci may wvhether this represent deposition of the postulated proteoglycan. have shown Diffuse alcian blue hyperchromasia was observed 3-5 achment of days after peak orchitis, at a time when Tpallidum could not be shown histologically. Hyperchromasia congenital was not restricted to interstitial areas, but was a ons in con-diffuse reaction apparently associated with fibrosis. I changes in The role of polyanions in tissue repair has been Ecognised in reported previously. 
